Summary. Butylated hydroxytoluene (BHT) 
Introduction
The sudden cooling of semen in the temperature range 20-0°C, commonly referred to as cold shock, results in an irreversible loss of sperm motility, and the effects are particularly severe with spermatozoa of ungulate species, including the ram and bull. Therefore, considerable care must be exercised during semen preservation to avoid damaging the spermatozoa unduly at this stage of the processing. Although the mechanism is not entirely understood it is apparent that the cell membrane is fundamentally altered and the balance of evidence suggests that this has some relationship to lipid components and phase changes within the membrane (for review, see Watson, 1981) . Hammerstedt et al. (1976 Hammerstedt et al. ( , 1978 proposed that the anti-oxidant, butylated hydroxytoluene (BHT), acted as a membrane lipid perturbant which would prevent (or substantially reduce) the permeability changes of bull or ram sperm plasma membranes when the cells were cold-shocked. Using an electron spin resonance technique they measured the proportion of the cell excluding Ni2+ or Fe(Cn)63~ions, and found that, before cold shock, the ions were excluded from the cells. After cold shock the ions gained free access to all aqueous compartments, indicating a profound change in membrane characteristics. The addition of 0-5 mM-BHT to the diluent substantially prevented the changes occurring. However, BHT had no measurable effect on cold-shock damage in boar spermatozoa.
From these observations, Hammerstedt et al. (1978) suggested that BHT might ameliorate membrane damage during ram or bull semen processing, but was unlikely to be of value with boar semen. Pursel (1979) (Hancock, 1957) and counts were made in duplicate of the percentage of unstained cells. Samples were also fixed and stained with Giemsa for assessment of acrosomal deterioration (Watson, 1975 (Drevius, 1972) , and the tubes were centrifuged on a bench centrifuge (MSE Minor) at approximately 800 g for 5 min (Exp. 4) or 10 min (Exp. 5). The supernatant was removed and 0-85 ml Tris-HCl-NaF (Tris-HCl at 325 or 65 mM according to the experimental design, together with 20 mM-NaF) was added at room temperature. The sperm pellets were readily dispersed and after 10 min the samples were recentrifuged for 5 min. Exactly 0-8 ml supernatant was removed using a Finnpipette (Buckley Scientific Ltd, Great Missenden, Bucks, U.K.) and the sperm pellet resuspended in the remaining diluent. Two Benjamin microhaematocrit tubes were filled from each sample and sealed with Plasticine. The haematocrit tubes were centri¬ fuged in the bench centrifuge at 1500 g for 5 min, held in specially constructed inserts for standard 15-ml centrifuge tubes. Spermatocrit values were determined using a travelling microscope.
All data were analysed on a computer by analysis of variance. Percentage data were transformed to the arcsin^b efore analysis. The terminology, L and Q, taken from Cochran & Cox (1957) , denotes the linear regression (L) and the deviation from linearity or quadratic curvature (Q). Because of the errors inherent in the processing of the semen before spermatocrit determinations in Exps 4 and 5, all treatments were carried out in triplicate for ejaculate. An hierarchical analysis of variance (Snedecor & Cochran, 1976 ) was conducted to distinguish components of variance due to differences between treatments from those due to variations in the processing stages. NS, Not significant; *P < 005, **P < 001, ***P < 0001. NS, Not significant; *P < 005, **P < 001, ***P < 0-001. 005) and acrosome ( < 0-01) scores. There was no evidence of any interaction between the temperature of cold shock and the presence of BHT.
Since the response to BHT was not obvious in all scores the possibility that insufficient BHT was gaining access to the cell membranes was considered in Exp. 3. As an alternative method of exposing spermatozoa to BHT, the Tris-HCl diluent was modified to incorporate a small proportion of DMSO in which BHT had previously been dissolved. This method was compared with the standard method, employing BHT concentrations ranging from 0 to 8 mM, on semen samples subjected to cold shock at 0°C. The results are presented in Table 3 . There were no significant differences between the ethanol and DMSO methods of applying BHT in the scores relating to the quantity and quality of motility. The percentage of unstained cells was considerably greater with the DMSO treatment (P < 0-001) compared with the ethanol treatment but the degree of acrosomal disruption was significantly more pronounced (P < 0-001). The main effect of BHT was not significant except in the acrosome score for which BHT once again caused a marked reduction in the degree of cold shock damage (P < 0001). Increasing the BHT concentration to 8 mM had no further beneficial effect beyond that seen with 2 mM, perhaps because of failure to dissolve increasing amounts of BHT. The interaction term between method of application of BHT and concentration was just significant (P < 0-05) for all scores except percentage motile, indicating a different pattern of responses to the concentrations of BHT between the methods of application. Significant differences were evident within and between individuals in Exps 1-3.
A further test of membrane function was devised in which spermatozoa which had been subjected to cold shock in the presence or absence of BHT were exposed to hypotonie media. The spermatocrit was then determined as a measure of the integrity of the sperm plasma membranes to act as semipermeable membranes and enable the spermatozoa to swell in response to the hypotonie media.
Experiment 4 was designed to investigate the effect on spermatocrit of exposure of the cells to media 20% of the molarity of the control diluent in the presence or absence of BHT. The results (Table 4) showed that BHT had no observable effect at room temperature. The spermatozoa responded to the hypotonie conditions by swelling which was clearly measurable by the spermato- controls, cold-shocked spermatozoa were unable to respond to the hypotonie conditions by swelling (P < 0001) presumably because the membranes were damaged. BHT had no measurable influence on this lack of response.
Discussion
A uniform picture emerged in the results of Exps 1 and 2. Of the various aspects of structure and function determined, only the percentage motile score and the acrosome score showed a consistent beneficial effect of the presence of BHT. However, the scale of the response was relatively small even though significant differences were recorded. In contrast, the electron spin resonance results of Hammerstedt et al. (1976, 1978) indicated that the inclusion of 0-5 mM-BHT reduced the effect of cold shock in bull and ram spermatozoa by more than 80%. Using [3H]BHT these workers demonstrated that bull spermatozoa bound approximately 30% of the available BHT in these circumstances, and assumed that a similar uptake occurred in spermatozoa of other species. We did not consider it necessary to go to the considerable expense of confirming the uptake of BHT with a tritiated preparation since (1) the response in these and other experiments was consistently positive, and (2) our diluent, although differing from that of Hammerstedt et al. (1976, 1978) , was a buffered salts solution of similar pH, tonicity and ionic strength, factors which might influence the transference of BHT to the cells. Pursel (1979) also assumed the binding of BHT to boar spermatozoa although his diluents differed markedly from that of Hammerstedt et al. (1978) .
However, the use of DMSO as a vehicle to introduce BHT was investigated to determine whether an improved uptake of BHT might increase the scale of the resistance to cold shock. DMSO was chosen as a solvent since it is widely used as a cryoprotectant, is no more toxic for ram spermatozoa than glycerol and freely permeates the cell membranes (Jones, 1965 (Drevius, 1972) . The method used here was considered to fulfil these conditions, and although the results were not corrected for trapped extracellular medium they provided a ready means of comparing cell volumes of spermatozoa subjected to varying tonicity of the medium (Table 4 (Watson, 1981) . The metabolic studies of Hammerstedt et al. (1976) suggested that in the presence of BHT the membrane permeability changes were less marked but other metabolic effects of cold shock were unaffected. Our results also bear this out. The gross structural changes were less pronounced, i.e. the overall degree of damage to the cell population was reduced, and this probably explains why more cells retained motility. Other assessments of cell and membrane function, e.g. quality of motility, eosin stainability, and response to osmotic stress, were unchanged, and indicated that in spite of apparently greater structural cohesion after cold shock it was not accompanied by a comparable retention of function.
It appears, therefore, that the use of electron spin resonance to determine Ni2+-or Fe(Cn)63_-inaccessible space within spermatozoa is capable of registering gross permeability changes in sperm membranes but the results are not correlated with the subtle functional changes that occur after cold shock even in the presence of BHT. Our observations of membrane function lead us to conclude that BHT is unlikely to be of benefit to the preservation of ram spermatozoa. This conclusion must be tempered by knowledge of the observations made of boar spermatozoa (Pursel, 1979) in which both motility and acrosomal structure were retained after cold shock in the presence of BHT, and this was shown to be correlated with the retention of fertility. The degree of response to BHT was, however, considerably greater than we were able to record.
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